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SUMMARY

Thethermalperformanceofem air-heatedpropeller,installedona
testairplane,wasevaluatedby observationsof theicc-preventionprop-
ertiesof thepropellerduringflight& natural-iciwc~n~tt~c~ ~~dbY
thecollectionof thermaldataon thepropellerduringflighth clear
alrandincloudsat temperaturesabovefreezing.Thetestpro~eller
wasequippedwithhollowsteelbladesof a standarddesignwhichwere
alteredtope~~itheatedaiktoenterthebhde cavitiesat thepropeller
hubandtoleavethecavitiesat thebladetips.Noprovi~locswere
madetocontrolthedistributionofairflowinsidetheblades.

●

TIMobeemationsinnatural-icingconditionstogetherwiththether-
maltestdataindicatethatlittleorno protectionto tineIeading+dge

4 regionof thepropellerbladeswouldresultdur-ingflightin severe
natural-icingcondition.Theobservationsinnatural-icingconditions
werelimitedinthatonlylight-icingconditionswareencountered;h&-- -
ever,intheselight-icingconditionsiceaccretionsfcrmedon thelead-‘“”
irigedgesof thebladesin theregionofbladestations30 to 40. The
clearairandcloudtestsshowedthepropellerbladestobe inefficient

—

heatexchangersin thatmoreheatenergywasdischargedin theairflow
leavingthepropellerthenwasdissipatedthroughthepropeller-blada\
surfaces.ThempasWedbla&+nmfacetemperaturesIndicatedthati-
adequateheating-was,providedt.otheIes&n&-e,dge:regionof thepro-
pellerandshowtheneedofprovZtiugmeansto increasetheheatflow
throughtheleadtng-edgeregionof thebkdes. — -.

.,

INTRODUCTION,.

Duri& thepastf&w”ye&k,researchhasbeendirec%dtoprovide
protectionforaircr~tpropellersduringflightinnatuxal-icl~

< conditionsby theapplicationofheatto thepropellerblades.One
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meansofapplyingheatha~beenthroughtheuseof ekc.tricallyheated, t
rubberbladeehoesplace~overtheleadingedgesof theyropellerbla.dos
(ref’er~nce1). Theseshoes,however,intheirpresentsta~ ~f devel-
menthavesomeeffect(althoughsmall)ontheaerodynaml~performacoof
thepropeller,reqwlrefrequentservicing,andrequiretheavailability
ofa suitableelectricalpcwersupply.In..anattempttoyrcvidea more
simpleuystem,andmakeuseof theheatcontentiftheairplaneengine
exhaustgases,oneof thewellknownpropellermanufacturersconstructed
anair-heatedpropeller.Thispropellerwasequipped..withhollowsteel
bladesofa standarddesign.Ithadprovisionsforinductingkated air
intothebladecavitiesat thepropellerhubUd ofai~posingofit
throughdiochargenozzlee”locatedat thebladetips.Noprotisionuwere
madeforcontrollingthedistributionof theheatedairintheblade
interiors.

Thepurposeof thepresentinvestigationwastoevaluatethethermal
performanceofthisair-heatedpropeller.Theinvestigatimlconsist?xl
offlighvtestsinnatural-icingconditionsd~ipgw~lchtheice-protec-
tionpropertiesof thepropellerwereobs,ervedandflightteeteincl-
atrendincloudsat temperaturesabovefreezingduringwhichthermal
dataon theproyellerwereobtained.

TheinvestigationWS,8conductedby theAmesAeronauticallaboratory ‘
of theNationalAdvisoryCmmittt#e“forAeronautics.Theflightsin
natural-icingconditionswereconductedfromtheArmyAirForcesIceW-
see&chBase,Minn.eapoli~,Minn.,during&e winter1944-k5;andthere- ●

mainderof thetestswereconductedatvtheAmesAeronauticalLaboratory,
MoffettField,Calff.,inthesummerof 1945.

DESCRIPTIONOFEQUIPMENT

Thetestpropeller,a four-blade,”lk-foot+ikmeter,air+eatedpro-
pellorwasinstalledon theleftengineofa testairplsnq.A simller
installation,whichwas~rovide~on therightepglnefors@saquentW3tS,
isshowninf’igwe1. me operationof tiepropellerbeating system Is
shownInftigurea2 and3. Ramair,heatedby an exhcms&ga8+ilr heat-
exchangerinstallation(describedinreference2)was~uctedtothe
stationarypartof thepropellerairmanifold.Theheatedair.weiethen
transmittedtowe rotatingpartof thepropellerairmanifold,admitted
tothebladecavitythroughholesin thebladeshanks,anddischarged
throughnozzleelocatedat thebladetips;Theairparticlesinthe
bladesresubjecttoradla~acce~rati~s~dueto tierotationof thepro-
peller,whichresultsIna pumpingaotlcn.,Thispumpingactiontogether &
withtherampreesureat theheatexch~g~ inducadtheairflow
throughthesystem,Xnordertoreducetheairleakagebetweenthe h
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.s-
stationaryandrotatingpartsof thepropellerairmanifold,andbe-
tweenthebladeshanksandtherotatingpartof thepropellerairm&ml-
fold,carbonsealswereprovidedas showninfigure~. Theapproximate
propeller-bladesectloneanda sketchofthepropeller-tipdischa??ge
nozzlesaregiveninfiguresk end~,respectively.AS employedheretn,
theterm“station”denotestheradialdistancefromthecenterofrota-.
tionin inches.(Seefig.4.) .

Instrumentationwasprovidedtomeasuretheembien~r temperature
therateofairflowtothepropeller,thetemperate of theheatedair, enteringandleavirgthepropeller,andvariousblade-surfacetempera-
tures.Thelocationanddesignationof thisinstrumentationisgivenin
figure6. ThethermocouplesinstalledOQ thepropellerblademrface
weresurfacetypethermocoupleshavinga thicknessof .001inch. They
wereinstalledon thepropellerbladebetweentwocoatsofpaint.

Theinstrumentedpropellerbladeand.thethermocoupleleadsat the
bladeehenkareshowninfigure7. A?nercury-in-@ssthe.xmometerlo-
catedon thesideof theairplanewasusedto checktheambient-air
temperatureindicatedby thesmblent+airthermocouple(T4$3)shownin
figure6. ‘TIIeelectricalcircuitbymeansofwhichthete~erature
indicationsof thethermocoupleslocatedon therotatingysrtof thepro-

s
pellerinstallationwereconveyedtothetemperaturerecordingequip-
mentis shcwndiagrenmaticallyinfigure8. Theleailsof theseWeno-.

. coupleswere”attachedtoa selectorswitchas shownin thecircuitdia--
sam offigure.8. TheselectorswitchwasIccatedon thenoseof the
ProPellerspinner(fig.6),anditwasof speciald6sl@”an3operated
similarto a starderdrecordingQotentioutersteppingwitch. Copper
leadswereusedtoextendthethermocouplecircuitfr~mtheselector
switchto theslipringsandfromtheslipringsto therecordingpo-~”m

--r..___.—.”

tiometer.Theportablepotentiometerwasplacedinthecircuit% C@-
pensateforsmypotentialsgeneratedIn thecircuit-otherthanthose
producedby thethermocouples,enditwasemp~oyedasfollows:[~)The
selectorswitchshowninfigure8 wasac~atedtoprovidea readingof
theembient-airtemperatureTAs3 on therecordingpotentiometerand
(2)theportablepotentiometerwasthenad$zstedtomakethisrea&ingof ‘
TAs3 on therecordingpotentiometerequfv~~entto thetemperature
indicatedbythemercury-i~glasgthermometerlocatedon thesideof the
airplane.Thusallpotentialsin thecircuit,otherthanthethermo-
couplepotential,werenullifiedad au “tiethermocoupleslocatedon tkY
rotatingpertof thepropellerinstallationcouldbe recordedbypemnit-
tingtherecordingpotentiometerto actuatetheselectorswitch.

● Thethermocoupleinstallationson therotati~portionoi?thepro-
pellerassem31ywerenotavailableforthenatural-icingfl~ghts.Int&
caseof theseflights,therefore,theinstrumentationprovidedonly.“ dataon thequantitysndtemperatureofheatedair.e~pli.~dtothepro-
peller. —
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A standardairplanetachamet-erendseneitivealtimeterwere
employedtomeaswetheenginespeedandtestaltitude,respectively.

*m”~_. - ...-

Fortheflightsinnatural-icingc~ditfone,theairplanewas
operatedat thecruiseconditionsof950to1000propeller rpm (1.’j’OOto
2000 enghe rpm) andindicatedairs~ed.s .M l’jO to 16o mile6‘parhour.
Euringthesetestsmeasurementswerbmadeof thetemperatureandt?w
rateofairflowdeliveredto thepropeller.At–alltimestheflow
ratetotheprogellerwa6thenmximumobtainablefartheo~eratingcon-
ditions.Visualandphoto~aphicobservationsweremadeof theioe-
protectionqualitiesof theprqy21,1e.r.

Atthecloseoftheperlc?dchcrln~whichnatural-icingconditiczm
prevailed,theinstrumentationon therotatingpartof thepropeller
~nstallationwasinstalledandflighttestswereundertakeninclear
airandincloudsabovefreezingtoobtafithermaldataon thepro-
pcl~er.Thete~tswereconductedat2700rto~gOOfeetpreemrealtl--
tade,160mileeperhourindicatedairspeed$950propellerrpm,wttha
maximumrateof&-.flowto tiepropeller.Thesetestccn,dit?.omwere
establishedas3eingcomparableh theoperatingconditionsduringthe
icingflights,

Measurementsof theinstrumentedbladesurfaceandttpairtemper-
atures,aswellaemeasurementsof theheated-ai-flowratesandthe
temperatureoftheairenteringt~epropellerwererecordedforthese
te6ts.Onetestrmwzm madewiththeheated-airsupplyductrdisccn&
nettedfromtheheatexchanger,andth~propellerpumpingfree–etream
air,b ordertoobtainan indication@-thepropeller-blade6urface-
temperaturerfsescaused by adiabaticandfrictionheatingresulting
frcmtheexternalandinternalairflows.

RESULTSANDDISCUSSION

Theobservationsmadeduringflight@ natural-jctigconditionsare
presentedintableI. Theseobservationswerelimitedin thatonly
~i@+%iChlgcoadltion8wereencountered.Light-lc@con&5tic~aredo--
finedas thoseinwhichanunprotectedairplanecouldsustainfliEht
alm.cstindefhitely.Theseresultsshow,however,thatevenin theee
light-icingconditions,iceaccumulatedcm”theleadi~edgeof the=pro-
pellerbladesin theregionofstations30 to4.0as s~owpb figure~.
No iceformationon thebladesaftof the~ea!iin~edgeregion6weeob-
servedduringthetests.

,

B
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Theresultsofthethermalteeteconductedin
(above32°F) arepresentedin tablesIIandIII.

cle~ afrandclmzde
Theambient-air

temperatures andthepropeller-tip air temperaturesgivenin tests3, k,
5)~~ 7 of tibleII~ve beeficorrectedf@*tieeffects~fkineticheat-
ingby therelationship

KV2T=Ti- (1)
2g J Cp

where-

T correcteda$rtemperature,OF

Tj. indicatedairtemperature,%

v vel~cityof air,feetperseccmd

!s acceleration duetogravity,feetpersecond,second

.—

J mechanicalequivalentofheat,778foot-poundsperB& .
●

Cp specificheatGfairat constantpressure,Btuperpound,%

. K percentageoffulladiabaticheating

Thevaluesofpropeller--tipairtemperatureT*2 givenforthe
teetconductedwithunheated-airflowto the’propsller(test No. 6) has”
notbeencorrectedforthe”effectsofkineticheatingsinceno ai&flow-
ratedatawereobtainedforthistest. In correctingtheambient--air
temperatureforthecloudtest(testITo.~) thevalueof spec~ficheat
forwetair (reference3)underthetestconditionswasemployed,~
correctingthepropelle~tipairt~erature TA52,an averagevelocity
in thebladecavttyat thestationwhere T*2 wasSocatedwas”eiuployed.
Thevalueof K forallcalculationswastakenas 0.9,thisvaluehaving
beenpreviouslyestablishedfcrthe.mercury-i~lassthermometerenthe
sideoftheairplaneandconsideredapplicableto thestagnatim-type-a&”
thermocouplesusedtomeasuretemperat~esTA@ and T&33.”

Thevalue of air-flowrategive~in tableIIIisanaverageval~e
of severalmeasurementat thetestconditions.Theindividualvalues
didnotdifferfromthevaluepresente~by ruorathan*50poundeperhour.
Theactualair-flowratethrougheachpropellerbladeprobablydiffers
fromthevaluespyesenteddueto coldair leakageintot.llaheatedairflow
at thecarbonseals,(flG.3). Thisleakage,however,‘is pre”s~dtobe ‘
small.
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Theheataxckan&eefficiencyof tke..$nstrumented
approximatedintableIIIC”Tkevalue~ce.lculatwd are
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%.

bladehasbeen
baeedon tlmtem-

p~~atureof thealrenteringthepropellermanifoldsincenomeasurement
wasmadeof thetemperatureof tieairentsringthebladecavity.The
calculationsalsoneglectedconslderatio?aof thekineticenergylm.parted
by thepropellerto theinternalairflowwhichcenvertstokeat. The
valuescalculated,however,areconsideredsufficientlyaccuratetoshow
thattheprcpellerbladewasan.~efficiezitheatexshti~er.T31eEocalcu-!J3-
tlcnsindicatethatlessthanhalfoftheheatcontentoftheairdeliv-
eredtothepropellerwasremovedby thepropellem.

ItIsnotedintable11 thatthepropeller-tipairtemperaturefor
thetestconductedwithUnheatm%alrflow‘tQ-thepropeller(testNo.6)
isIndicatedtobe @o F higherthanthe-@mperalmmmeaeuredin thepr~
pellermanifold.Aspreviouslymentioned,thetipairtemperaturefor
thi~testhasnotbeencorrectedfor the effects of kineticheatin&and
also,thekineticener~ whichgoesintoheatIn theInternalflowlaof
unkncwqma~tude.

Theblade-mrfacetemperaturesof tableXIhavebeenplottedas
temperaturedistributionsinfigure10. me tempera~redletributlon
(aboveambient-airtemperature)obtained@rin&+thedry-air-testswith
heated~irf low to thepropellerisshownInfigure10(a).Thescatter
of theda-or theseveraltestsplottedisaccountabletoaU@tly
diffenmttestconditionsandto Inaccuraciesofmeamrementi.!mlet&n&
peraturerisesaboveamb~ent+xirtemperaturegivenIn thisfi&ureare
onlypa.tiallya resultof theheatdissipatedtlxw@Ithepropalle.s-
bladesurfaces,thebalancebeingduetoex~ermalkinetichearingcf the
prcpellerblade.Infigure10(b),tierwan.curve.gf?i~e W(~~jla cmu-
paredwiththedataobtainedduringthedry%irtestw@h .(frs=trxuu)
uriheated-airflowtothepropeller,Timteiqymature.risesfurthew
heatedairflcwareapproximatelythosedue$0externalkinetiche~Ui~g

of theblade.Thecurvedrawnthrou@theleadingedgepointswa~cal-
culatedby therelationship

where AT is
heating.‘The
attributedto

AT . V2 (2]
2~Jcp :

thetheoreticaltemperatureribedue&externalkinetic
temperaturedifferencebetween’the8etwocurvesmaybe
theheatdissipatedthroughthapropeller-bladeaurfacee.

It isindicatedbyfigure10(b)thatthetenqjeratureriseof theblad$
~.eadinge@es dueto tieheated=airflowVariesap~roximatelyfr~ 60 F
at staticm1~to 10°F atandbeycndstation’hO.Thechordwiaetempera- >.
turerlgeat station36 due toheated-airfl& issh~ inthisfigure
tm-maryfrom15QF at theleadi~edgetoabout50°F at 50ptircentchord. b
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Thehigherleading-edgetemperaturesat thestatic~snearerthepm
pellerhuhareprobablyELresultot (1)theconduction& heatalongthe
bladefromthepropellermar@old,(2)a reductioninheattransferdue
to thelowvelocityfielda??eadof theenginecowlingand,(3)higher
temperaturesof theinternalairflowneerthehub.

Thechordwisetemperaturedistributionisprobablydueto three
factors:(1)theconcentrationof theheated-airflowalongthetrail–
ingedgesof thebladecavitycausedhytheCoriolisforces,(2)the
existenceof thelargestexternalheat=transfercoefficientsat the
bladeleadingedge,and (3) thefactthattheblaiematerialis thickest
{Icwesttiiermalconductivity)at theleadingedge. me resultsshowthe --
necessityofprovidingmeans@ increase theheatflowto theleading-
edgereg~rfiof the131a&es.Thiscould”beaccomplishedby iheaddition“
of a radialbafflewithintheb~e tore,stricttheheated-airflewto
theleading-edgeregionof the,bladecavity.A second,butmoremajor
modificatt~,wouldbe toreducethematerialthicknessat theleading
edgeof theblade.

Infigure1O(C)themeancurveoffigure10(a}is conparedwiththe
dataobtainedduringflightin clouds.In thisplot,theclouddata

● havebeenplottedas actualtemperaturesandthecurveoffigure10(a)
hasbeenplacedwithrespectto theambient-airtemperateof thecloud
test. Thismethodofplottingwasusedbecausethefactoreofwet-air“-”

. kineticheatingof thebladesurfacesandevaporizationofwaterfrom
thebladesurfacesaredependenton theactualmrface.temperatureeof
theblade.A detaileddiscussionof thesefactorsispresentedfora
wingsurfaceinreferencek. Thedataobtainedintheclouasprovided
no temperaturedatabeyondbladestation57. Also i-nclud.edin this
figureisa plotof thetheoreticalleadingedgetemperaturesdueto
kineticheatingbasedon equation2 usingwettirvaluesof Cp. This ‘“
figureshowsthattheta~eratureriseof thelladedueto airheating
diminishedtopracticallyzeroat station57. Theleadingedgetenge~
aturerisesaboveenbientairtemperatureshownin thisfigurearevery
low(lessthan10°F fromstation35 to 57). This accounts forthefact
thaticewasobeervedtoformon thelead.i~edgeregionsof thepropel-
lerbladesduringflightinlightnaturalicingconditions. _..-

Applicationof theanalysisofreference4 to thepresenttestsin-
dicatesthattheblade–surfacetemperaturerisesaboveaiubierit-airtemper-
atureduringtheflightsinlight-ici~conditionswereprobably~’eater’-
thanthoseexperiencedduringtheflightincloudsbecausethelower ‘
ambier.ttemperaturein theformertestswouldresultin increasedk$nefi

,* icheatin~(lowerCp)anda reductioninevaporativecool=.

Thetestdataindicatethatthetemperatureriseof theIeading-. edgesof theyropellerbladescouldbe expectedtoprovideonlyIJmited
Zce prevent~.oninli@t--natural-icingconditionsandthereforeitmaybe
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concludedthatlittleorno protectionwouldbeprovidedto theleading-
edgere$ionsofthebladesin severeicingconditions.

CONCLUSIONS

Theresultsofthethermal”perfomance
propellerindicatethefollowing:

testsofam alr+eated

1. Theair-heated+ropellerinstallationteetedwouldoffer little

or noprotectiontotheleating-e@geregiqnsof thepropellerduring
flightin severe natural-icingconditions. “

.-
2. Thesurface-temperat~edistribu~:onIsundesirable,ancJ-means

shouldbeprovidedtoccmcentratetheheatin theleadin~dgere.@ens
of theblades.

AmesAeronauticalLaboratory,
National.4dvieoryCommitteeforAeronautics,

.-
.,=

MoffettTiald,Calif.,Sept.1946,.
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TABLEI.-OBSERVATIONSOF AIR-HEATEDPROPELLER
DURING FLIGHT IN LI(XU?-IC!lNGCONDITIONS

4

.

(1) Test number 1 2

(2) %:~: 4000 4000

Ambient-air(3) temypttare L3.5 17

Propeller
(4) sp ed

?)
950 1000

qpm
Indicated -

(5) ~~~;g~d 160 160

Temperatureof
(6) air entering

propeller, 350 370
TAl(°F)
Air-flowrate

(7) per propeller
blade 350 350

r)
Heat supplied

(8) per blade
(Btu r)

t
2g,000 29,300

(0.2 )[7)(6-31
Iceaccumulated Iceaccumulated

(9)
on leadingedge on leadingedge

Remarks ofbladesin ofbladesin
regionof blade regionof blade
stations30 to 40. stations30 to 40,

-3

4
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TABLE

OF

NACATN No. 1178
.-TEMPERATUREDATAOBTAINEDDURINGFLIGHTTESTS

~; AIR-l!EATEDPROPELLERIN CLEARAIRANDCLOUDS

4
Clear airj
heated-
airflow
topro-
peller

7estnumber 3
cleardr,

5 I 6
CXear-air,Clearair,
heated- ambient-

~louds,
heatec-
lairflow
topro-
peller

heated--
airflow
topro-
peller

Test
condition

Pressure
3000 I 39003600 3900 2700

lAmbient-
airtem- 67 56 I 61

Propeller
speed
w

~ndyc~ted

950’ 950

la

950 I 950

160 I 160

360 66

229 106

TA1

TJ+=j2

350

252

360

222

330

217

TS1
Tm--

--- ,

116
---

92
---
---

,
--- ---

79

J.J..L

(3

106
12.2

. -.

92 67

95 63 %=

L

k
I

11 values
corrected

: TAs3andvaluesofI
‘orkineticheating.

3, 4, , and
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TABLEIII.-HEATED41R-FLOWPATESANDHE T-FLOWDATA
iOBTAINEDDURINGFLIGHTTESTSOF Al?AI -HEATED

PROPELLERIN CLEARAIR ANDCLOUDS .

Y

.

.

..;

-4

}

(1; Testnumber I 3 Q 5 6 7
Averageair-
flowrate

(2) perpropeller 350 350 350 -- 350
blade
(lb,/ti)

‘Temperature
(3) ;;:gly’ym 283 318 3Q4 -- 2~5

(bF)
‘Temperature
of airdis-

(4) cha;@efrom U35 1s0 17; -- 172
(OF)

IHeatsupplied
(5) ~;~:g~

1
23,700 26,700 25,500 -- 2k,000

. (0.2 )(2)(3) i
Heatdis-
chargedat

(6) ML;:e;y 15,500 15,100 14,500 — 14,400
1(0.2 )(2)(4)

Heatreleased
b airinblade(7) [g;u(~ ) g, SJoo1~,600 11,O(J-J-- 9,600

Blade heat-
exchange

(8) efficiency I 35 39 43 -- 40
(percent}
(7)/(5) x 100 ) b

‘Aboveambient-airtemperature.
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Figure 1.- Air-heated p r o p e l l e r  i n s t a l l e d  on t h e  r i g h t  engine 
of  t h e  t e s t  a i r p l a n e ,  
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(a) Instrumented blade. 

I (b) Thermocouple leads at blade shank. 

Figur s 7. - View of air-heat ed propeller blade af te r  
instsaaaaentation. 
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Figure  8.- Ice accretion on leading edge o f  air-heated pro- 
peller after flight in light-icing conditions. 
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Thermal performance of propeller was evaluated by observation of its- Ice- 
preventloo properties during flight In natural Icing conditions and by collec- 
tion of thermal data during flight In clear air and In clouds at temperatures 
above freezing.   Propeller was equipped with standard design hollow steel 
blades ohlch were altered to permit heated air to enter blade cavities at 
propeller hub and to leave cavities at blade tips. Observations indicate that 
little or no protection to leading-edge region of propeller blades could result 
during flight In severe natural-Icing conditions.  Clear air and cloud tests 
showed propeller blades to be lnsulfient heat exchangers. 

DISTRIBUTION: Request copies of this report only from Originating Agency 
DIVISION:PropelteT8 (11) 
SECTION: Ice Control (5) 

ATI SHEET NO.: 

SUBJECT HEADINGS:    Ice formation - Prevention (50201); 
Propellers - Testing (15480);  Propellers - Antl-lclng 
(75478.15);  Propellers - Performance (75479.28); Propellers 
Anti-lclng, Hot air (75478.158) 

-^ Al INDfX Wrighl-PaitstMn Alt  Fore*  %au> 
Eteytan, Ohio 



OA Nn:

of an Air I:eated Propeller
-=----------

TITLE:

AUTHORIDarsow» J ohn F 0 ;

US Cla ss tftcattcn:

AT! N,,: 16146 Restr. UR-A6D09
----:--;;;-;;-.---:-;--::--CANGH.YID = DUPE OF 811Y-

A Flight )'nV<;lstige:tion of tiJ~ Tnennal Performance ~
...
u
o

=

OA: National Advi~ory C~dttee tor Aeronautics
Fur eign Title:

III
C>

'"E~.. ..
oU
lao ..

':e
U.o
:S;J

Pr eviously c.I.loSed under No: Tr:ln~lalior. No:

Section:
~




